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1. Introduction  
Janus kinases (JAKs) are a family of receptor-associated tyrosine kinases which are crucial 
for the survival and proliferation of immune and hematopoietic-derived cells. There are four 
mammalian JAKs identified to date: JAK1, JAK2, JAK3 and TYK2 (Lopez et al., 2010). JAKs 
are responsible for mediating the intracellular signaling of numerous growth factors and 
cytokines (Murray et al., 2007 & O’Shea et al., 2002). Once activated JAKs directly 
phosphorylate and activate the transcription factors signal transducers and activators of 
transcriptions (STATs) which transduce JAK signaling by translocating to the nucleus to 
modulate a subset of genes that are critical for cell proliferation and survival (Aaronson et 
al., 2002 & Levy et al., 2002). Dysregulated JAK signaling has been implicated in the 
pathogenesis of several blood-borne cancers but most notably in myeloproliferative 
neoplasms (MPNs) (Nelson et al., 2006; Lucia et al., 2011 & Patnaik et al., 2009). MPNs are 
hematological malignancies defined by the excessive proliferation of one or more myeloid-
derived cells. MPNs are classified into two clinical categories either BCR-ABL-positive 
(BCR-ABL (+)) or BCR-ABL-negative (BCR-ABL (-)) based on the presence of the BCR-ABL 
fusion protein. The major BCR-ABL (-) MPNs include polycythemia vera (PV), essential 
thrombocythemia (ET) and myelofibrosis (MF). The specific pathogenic role that JAK2 has 
in driving some of these MPNs is highlighted by the recent seminal discovery of the 
JAK2V617F mutation (Baxter et al., 2005; James et al., 2005; Kralovics et al., 2005; & Levine et 
al., 2005). The JAK2V617F mutation is a somatic, gain-of function point mutation which leads 
to constitutive activation of JAK2 and subsequent downstream activation of STATs (Baxter 
et al., 2005 & James et al., 2005). Current data demonstrates that JAK2 is a disease associated 
gene involved in the pathogenesis of BCR-ABL (-) MPNs. However, it remains unclear if 
JAK2 pathway mutations are the primary drivers of sustained disease progression. New 
data is emerging that suggests that targeting the JAK-STAT pathway may have implications 
beyond the treatment of MPN and can be useful for the treatment of other hematological 
and non-hematological cancers. This review will summarize the pathogenic role of JAK-
STAT signaling in BCR-ABL (-) MPNs and introduce the potential broader implications by 
www.intechopen.com
 
Myeloid Leukemia – Basic Mechanisms of Leukemogenesis 
 
150 
which JAK-STAT pathway inhibition may have in treating hematological malignancies as 
well as solid tumors.  
2. Janus Kinase Family (JAKs) 
2.1 Function 
Janus kinases are a family of cytoplasmic receptor associated tyrosine kinases responsible 
for integrating the signaling of numerous growth factors and cytokines that are critical for 
hematopoiesis and immune function. There are four JAK family members; JAK1, JAK2, 
JAK3 and TYK2. JAK1, JAK2 and TYK2 are ubiquitously expressed while JAK3 expression is 
restricted to myeloid and lymphoid tissue (Valentino et al., 2006 & Ward et al., 2000 ). 
Various cytokines and growth factor receptors rely on JAKs to propagate their intracellular 
signaling cascades since many of these receptors lack intrinsic kinase activity. JAKs can be 
differentially or coordinately activated in response to various growth factor or cytokine 
stimuli (Murray, 2007). Targeted disruption of individual JAKs have been generated in an 
effort to better understand the biological non-redundant roles that JAKs have in 
development. JAK1 knock-out mice have been generated and present with a perinatal lethal 
phenotype that is characterized by severe defects in lymphopoiesis and neuronal 
development (Rodig et al., 1998). JAK3 mutations in humans have been described in patients 
with severe combined immunodeficiency (SCID), an immune disorder where major defects 
in T- and B- cell development are observed. This clinical phenotype is recapitulated in JAK3 
knock-out models where these mice manifest with SCID-like features characterized by 
impaired lymphocyte production (Nosaka et al., 1995 & Park et al., 2000). TYK2 deficiencies 
although rare have been reported, and these patients usually present with severe dermatitis 
and hyper-IgE syndrome-like symptoms (HIES). Genetic disruption studies involving TYK2 
have presented with severe defects in IL-12 signaling and impaired Th1 and Th2 mediated 
immune responses (Karaghiosoff et al., 2003). Genetic inactivation of JAK2 in mice is 
embryonically lethal due to severe anemia, confirming the critical role that JAK2 is thought 
to have in erythropoiesis (Parganas et al., 1998).  
2.2 Structure  
JAK proteins share seven homologous structural domains (JH1-JH7) each of which elicit 
distinct functional features within JAK proteins. The JAK homology domains consist of the 
C-terminus JH1 domain which is the kinase-active domain, the auto-regulatory JH2 
pseudokinase domain, the SH2-like JH3 domain and the N-terminus FERM (four-point-one, 
ezrin, radixin, and moesin) domain (JH4-JH7). Although the JH3 domain possesses a SH2-
like sequence it is unable to bind and interact with phospho-tyrosine residues and therefore 
its precise function remains unclear while the FERM domain is responsible for mediating 
the interactions of JAKs with their cognate receptors (Huang et al., 2001 & Radtke et al., 
2005). The JH2 pseudokinase domain is a unique structural feature of the JAKs that is 
otherwise absent in other kinase families. The JH2 pseudokinase domain bears high 
sequence identity to the JH1 kinase domain but is devoid of any catalytic activity and is 
thought to act as a regulatory domain through catalytic auto-inhbition (Saharinen et al., 
2000). Moreover, key activating point mutations have been identified in the JH2 
pseudokinase domain of JAK2 that are critically involved in the pathogenesis of some 
myeloproliferative neoplasms (MPNs).  
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Fig. 1. JAK Protein Domain Structure. The seven homologous JAK domains (JH1-JH7) 
conserved throughout the JAK kinase family.  
2.3 JAK-STAT signaling  
In the absence of ligand, JAKs are pre-associated with receptor monomers, upon ligand 
binding receptor dimerzation ensues leading to trans-phosphorylation and auto-activation 
of JAKs. Once activated, JAKs proceed to phosphorylate specific tyrosine residues within 
the cytoplasmic domains of growth factor receptors creating docking sites for downstream 
mediators of JAK signaling. JAKs can activate classical signaling pathways such as PI-3-
kinase and MAPK but JAKs also directly activate STATs as described above. STATs are 
latent transcription factors that are activated and phosphorylated by JAKs at specific 
tyrosine residues (Darnell J, 1997 & Benekli et al., 2003). Once phosphorylated, STAT 
monomers can then homo/hetero-dimerize through reciprocal Src homology 2 (SH2) 
interactions and translocate to the nucleus to modulate the transcription of key genes which 
promote cell growth and survival.  
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3. Myeloproliferative Neoplasms (MPNs) 
3.1 Clinical biology 
MPNs are hematopoietic malignancies characterized by excessive growth of one or more 
myeloid derived cell lineages such as erythrocytes, platelets and/or granulocytes. MPNs are 
clinically grouped into either BCR-ABL (+) or BCR-ABL (-) based on the presence of the 
BCR-ABL protein, as seen in CML patients. Dysregulated JAK-STAT signaling has been 
implicated in the pathogenesis of these BCR-ABL (-) MPNs. The three most common BCR-
ABL (-) MPNs include polycythemia vera (PV), essential thrombocythemia (ET) and 
idiopathic myelofibrosis (IMF) with an estimated annual cumulative incidence of 130,000 
patients in the United States which translates into an estimated prevalence of 6.2 per 100,000 
cases (Ma et al., 2008; Mesa et al., 1999 & Ania B et al., 1994). The major clinical features of 
PV include uncontrolled growth of multiple myeloid-derived lineages with the dominating 
lineage being erythrocytes which is often reflected by an increased hematocrit and 
splenomegaly, while minor features include trilineage myeloproliferation of the bone 
marrow (Wadleigh & Tefferi, 2010). ET is characterized by an increase in both platelet size 
and number while hematocrit is unchanged. IMF is the most severe of the three MPNs and 
the major clinical criteria for diagnosis usually includes megakaryocytic proliferation 
accompanied by severe fibrosis of the bone marrow or hypercellularity of the bone marrow 
that is characterized by granulocyte proliferation (Wadleigh & Tefferi, 2010). IMF can 
manifest on its own or it can be preceded by PV or ET, post-PV or post-ET IMF has a 
variable evolution rate of roughly 25 evolutions per 1000 patients ET/PV patients 
(Passamonti et al., 2008 & Gangat et al., 2007). Furthermore, each one of these MPNs has the 
potential to progress to acute myelogenous leukemia (AML). In an unselected BCR-ABL (-) 
MPN population the overall leukemic transformation (LT) rate registered at 4.0% with MF 
having the highest transformation rate: 11.4%-MF, 4.3%-PV & 1.75% for ET (Cervantes et al., 
1991). Aberrant tyrosine kinase signaling has been implicated in the pathogenesis in the 
majority of MPNs, most notably with CML where the product of a chromosomal 
translocation results in the production of constitutively active tyrosine kinase known as the 
BCR-ABL (Druker et al., 1996). The discovery of the BCR-ABL tyrosine kinase led to the 
development of the clinically successful small molecule inhibitor, imatinib, which 
predominately targets BCR-ABL in addition to PDGF-R and KIT kinases (O’Brien et al., 
2003). The initial observation that altered tyrosine kinase signaling could single-handedly 
drive the entire pathogenesis of a disease as seen with BCR-ABL and CML hinted at the 
possibility that other altered tyrosine kinase signaling could be involved in the pathogenesis 
of these BCR-ABL (-) MPNs. 
3.2 Pathogenic role of JAK2 in BCR-ABL-negative MPNs 
Mutations in JAK2 have been implicated as a key genetic factor responsible for driving BCR-
ABL (-) MPNs and several lines of evidence highlight this finding. The major hematopoietic 
growth factors erythropoietin (Epo) and thrombopoietin (Tpo) that give rise to the myeloid 
derived cells that often over-populate PV and ET patients such as erythrocytes and platelets 
signal exclusively through JAK2. Loss of heterozygosity (LOH) on chromosome 9, where 
JAK2 is localized is observed in roughly 30% of PV patients (Kralovics et al., 2002), 
moreover, progenitor cells isolated from PV patients have routinely demonstrated an 
increased sensitivity to hematopoietic growth factors such as Epo and Tpo in ex vivo colony 
growth assays. Additionally, multiple animal models involving targeting expression of 
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JAK2 including transgenic and retroviral transduction methods leads to a MPN-like 
phenotype in vivo, further supporting a causal role for JAK2 in the pathogenesis of these 
diseases (Wernig et al., 2006)  
3.3 V617F and other JAK2-associated mutations in MPNs 
In 2005, several independent laboratories identified a unique somatic activating point 
mutation in the JAK2 gene (V617F). The JAK2V617F mutation occurs in the JH2 pseudokinase 
domain of JAK2 in exon 14 at position 617 where a valine is replaced with a phenylalanine 
which leads to constitutive activation of JAK2. The mechanism of activation of the V617F 
mutation is believed to be due to the removal of the auto-inhibitory function of the JH2 
pseudokinase domain present in JAK2. The incidence of the JAK2V617F mutation is highly 
prevalent within the BCR-ABL (-) MPN patient population particularly within PV cohorts 
where more than 95% (Wernig et al., 2006) of PV patients are positive for it while 50% of ET 
and IMF patients are positive for it (Pikman et al, 2006). Although the JAK2V617F mutation 
represents a major genetic event underlying the pathogenesis of these MPNs there is still a 
fraction of PV patients (~5%) and ET/IMF patients (~50%) that present with these MPNs but 
yet are negative for the V617F JAK2 mutation. The existence of V617F-negative MPNs 
highlights the need to identify additional JAK2 signaling components that may be involved 
in the pathogenesis of these V617F-independent MPNs. Several gain-of-function mutations 
comprised of deletions, insertions and frame-shifts have been indentified in exon 12 of JAK2 
in a small subset of V617-negative PV patients (~3%) (Scott et al., 2007). Interestingly, exon 
12 JAK2 mutations are mutually exclusive from V617F JAK2 mutations and to date have 
only been described in V617F-negative PV patients. Expression of exon 12 JAK2 mutations 
results in a PV-like phenotype in vivo that is characterized by erythrocytosis. Alternatively, 
activating point mutations in the thrombopoietin receptor (Tpo-R/c-MPL) have been 
identified in a subset of V617F-negative ET and IMF patients (5-10%). The mechanism of 
action for the MPLW515L mutation is similar to that of the V617F mutation since it also 
results in the removal of an auto-inhibitory sequence thought to be located within the 
transmembrane region of the Tpo receptor which causes spontaneous activation of 
downstream JAK2-STAT signaling (Pikman et al., 2006). The relative frequencies of these 
JAK-related mutations are summarized in figure 3 (Paradanani et al, 2011). The oncogenic 
potential of these mutations in MPN is further highlighted by their ability to induce MPN-
like phenotypes in murine bone marrow reconstitution studies. JAK2V617F expression 
induces a PV-like phenotype that presents with erythrocytosis and splenomegaly while 
(Wernig et al., 2006) MPLW515L promotes a more aggressive MF-like phenotype 
characterized by marked thrombocytopenia and severe fibrosis of the bone marrow (Pikman 
et al., 2006). Collectively, these results highlight a strong selective pressure to activate JAK-
STAT signaling in BCR-ABL-(-) MPNs and thus therapies designed to target the JAK-STAT 
signaling may be beneficial for the treatment of MPN.  
4. JAK inhibitors in clinical development  
Since the discovery of the JAK2V617F mutation in 2004 remarkable scientific progress has 
been made from bench to beside with the first JAK inhibitors being tested in humans by mid 
2007. Currently there are 36 clinical trials in the US underway evaluating various treatments 
for MPNs or investigating the molecular pathobiology underlying MPNs. The current JAK 
inhibitors are typically small molecule ATP competitive inhibitors of both wild-type and  
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Fig. 3. Allele Frequency in IMF Cohort, adapted from Chaligne R, et al. Leukemia (2008). 
Relative mutation frequency in a IMF cohort (n =603), V617F; 58%, MPLW515L; 8.1% and 
MPLW515L/V617F <1% 
mutant JAK enzymes that can be either selective JAK2 inhibitors or non-selective JAK2 
inhibitors with the latter having additional activity against other kinases besides JAK2. 
Initial clinical trials with JAK inhibitors were designed to recruit only IMF patients based on 
the biological severity of IMF compared to ET or PV, however more recently, clinical trials 
have expanded to include testing of JAK inhibitors in both PV and ET cohorts. The most 
advanced JAK inhibitor in the clinic to date is ruxolitinib (INCB018424), a pan-JAK inhibitor 
which demonstrates potent activity against JAK2 and JAK1 (Quintas-Cardama et al., 2010). 
A recent phase I/II trial (n=153) has commenced evaluating ruxolitinib for the treatment of 
IMF. While on ruxolitinib, a significant number of patients demonstrated a favorable clinical 
response including a reduction in spleen size, improvement in constitutional symptoms and 
normalization of pro-inflammatory cytokine levels. The suppression of inflammatory 
cytokines is thought to be linked to the pan inhibitory effects of ruxolitinib on both JAK1 
and JAK2 (Verstovsek et al., 2010). Given the clinical response of ruxolitinib in the treatment 
of IMF, trials have begun to evaluate the safety and efficacy of ruxolitinib in the treatment of 
PV and ET. Interestingly, these clinical responses did not correlate with JAK2V617F status 
and molecular remission of the mutant allele was absent even after two years of continued 
therapy (Verstovsek et al., 2008). The lack of effect on mutant allele burden could be due to 
direct loss of the mutant allele itself also known as “V617F-independence” that is reported 
to occur in some patients throughout the evolution of MPN (Passamonti et al., 2010). 
TG101348 is small molecule inhibitor of JAK 2 in clinical development. Results from a phase 
I/II multicenter study in IMF patients revealed that >45% of patients on TG101348 observed 
a >50% reduction in spleen size which was evident by five months but could be detected 
early two months and more than 70% of patients that presented with elevated white blood 
cell counts prior to treatment normalized (Pardanani et al., 2009). Unlike ruxolinitib, there 
was no significant decrease in serum levels of inflammatory cytokines while on therapy 
although the majority of patients did report a resolution of IMF-associated constitutional 
symptoms.  
 V617F + 
 MPLW515L + 
 ? 
 MPLW515L+V617F+  
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Compound   Company  Indication Phase NCT Trial # 
INCB18424 Incyte PV/ET/MF I/II/III NCT01445769 
TG101348 TargeGen MF I/II NCT00631462 
SB1518 S*BIO PV/ET/MF I/II NCT00745550 
CYT387 YM BIOSCIENCES MF I/II NCT00935987 
AZD1480 Astra Zeneca MF I/II NCT00910728 
LY2784544 Eli Lilly PV/ET/MF I NCT01134120 
BMS-911543 Bristol Myers-Squibb MF I NCT01236352 
Table 1. Current JAK Inhibitors in the Clinic 
5. Implications for targeting JAK-STAT signaling in additional hematological 
cancers and solid tumors 
Activating mutations in JAK2 (V617F and exon 12) in BCR-ABL (-) MPNs appear to be the 
primary mechanism by which these cells preferentially activate JAK-STAT signaling, 
however there are additional mechanisms available for cells to activate JAKs. Cells can also 
undergo chromosomal rearrangements which also lead to constitutive activation of JAKs. 
Chromosomal translocations activate JAKs by causing constitutive dimerization through 
replacement of amino terminal sequences with a fusion partner. In non-MPN hematological 
malignancies such as acute leukemias and lymphomas chromosomal rearrangements 
involving JAK2 represent another mechanism for activating JAK2. There have been seven 
fusion partners identified for JAK2, most of which lead to constitutive activation of JAK2 
signaling, these are summarized in table 2.  
 
    
Fusion Partner  Cancer Oncogenic Reference 
TEL (ETV6) T-ALL, aCML,B-ALL Yes Lacronique, 1997 
PCM1 ALL, aCML Yes Reiter, 2005 
BCR aCML Yes Greisinger, 2005  
SSBP2 B-ALL  Yes Poitras, 2008  
STRN3  ALL  Yes Mullighan, 2009  
PAX5 ALL  No  Bousquet, 2007  
SEC31-A cHL Yes VanRoosbroeck, 2011  
Table 2. Summary of JAK2 fusion partners due to chromosomal translocations involving 
chromosome 9p24. Abbreviations include-: T-ALL = T-cell acute lymphoblastic leukemia, 
aCML= atypical chronic myelogenous leukemia, B-ALL = B-cell acute lymphoblastic 
leukemia, ALL = acute lymphoblastic leukemia and cHL = classic Hodgkin lymphoma.  
5.1 Role of JAK-STAT signaling in non-MPN hematological malignancies 
Evidence is accumulating indicating dysregulated JAK-STAT signaling in various types of 
lymphomas. In classical Hodgkin lymphoma (cHL) and primary mediastinal B cell 
lymphoma (PMBL) several different mechanisms appear to be involved in the preferential 
activation of the JAK-STAT signaling network. An estimated 30% cHL patients and 35%-
45% of PMBL patients (Joos et al., 2003, 2000; Meier et al.,2009) present with genetic gains in 
chromosome band 9p24, the region where JAK2 is localized. Recently, several tumorgenic 
functions have been associated with this amplicon including JAK2-mediated increases in 
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programmed cell death 1 ligand 1 (PD-L1) expression. PD-L1 is also localized to band 9p24 
and therefore cells positive for this genetic gain can also demonstrate increased PD-L1 
expression in addition to elevated JAK 2 content. PD-L1 inhibits antitumor cytotoxic T 
lymphocyte (CTL) responses by activating its cognate inhibitor PD-1 receptor located on T-
cells, therefore PD-L1-/PD-1 interactions can promote tumorgenesis by mediating tumor 
evasiveness. A recent study showed elevated expression of PD-L1 and JAK2 in a subset of 
cHL and PMBL cell lines that were positive for the 9p24 amplicon and went on to show that 
PD-L1 expression could be augmented upon JAK2 inhibition suggesting a regulatory role 
for JAK2 in PD-L1 expression (Green et al., 2010 & Rui et al., 2010). In another study, 
alternative oncogenic functions were implicated for the 9p24 amplicon based on STAT-
independent epigenetic functions of JAK2. In this study, JAK2 was shown to cooperate with 
the epigenetic modifier JMJDC2 in several lymphoma cell lines positive for the 9p24 gain to 
induce epigenetic remodeling of the oncogene MYC locus leading to altered expression of 
MYC (Rui et al., 2010). The cooperative interplay between JAK2 and JMJDC2 was further 
demonstrated when the anti-proliferative effects induced by loss of JMJD2C were 
exaggerated upon JAK inhibition. In addition, inactivating mutations in SOCS-1, a negative 
regulator of JAK-STAT signaling are observed in 40% of cHL patients (Weniger et al., 2006 & 
Mottok et al., 2007). Increased expression of activated STATs, namely STAT 3 and STAT6 
are often observed in cHL patients and this is thought to be due to sustained signaling loops 
perpetuated by chronic IL-13 stimulation (Skinnider et al., 2002) furthermore, loss of STAT3 
or STAT6 in cHL cell lines results in diminished proliferative capacity and induction of 
apoptosis (Baus, 2009 & Kube et al., 2005). To further validate a role for abnormal JAK-STAT 
signaling in lymphoma-type cancers is the more recent study in which an inverse 
relationship between the inhibitory microRNA-135a and JAK2 was observed in cHL 
patients. Interestingly, low levels of miR-135a expression were strongly correlated with 
disease relapse and shorter disease-free survival in a cohort of cHL patients. The regulatory 
role of miR-135a on JAK2 was confirmed when over- expression of miR-135a led to an 
increase in JAK2 expression (25%-55%) in lymphoma cell lines (Navarro et al., 2009).  
5.2 Role of dysregulated JAK-STAT signaling in multiple myeloma 
Altered JAK-STAT signaling has also been implicated in the progression of multiple 
myeloma (MM). MM is an aggressive hematological malignancy characterized by excessive 
proliferation of clonal plasma B-cells that accumulate in the bone marrow (Anderson et al., 
1999). The maintenance of MM is highly dependent on the interaction of myeloma cells with 
resident bone marrow stromal cells (BMSC) both of which secrete various cytokines and 
growth factors that promote myeloma cell growth. IL-6 is recognized as a critical cytokine 
that’s essential for the survival and proliferation of myeloma cells (Bommert et al., 2006). 
Elevated serum levels of IL-6 are frequently observed in MM patients who fail to respond to 
conventional chemotherapies and IL-6 levels also correlate with poor prognosis of MM 
(Niesvizky et al., 1995). IL-6 signals through JAK1/JAK2/TYK2 leading to downstream 
activation of STAT3 to promote proliferation and survival of myeloma cells (Murray et al., 
2007). Interestingly, elevated levels of activated STAT3 have been observed in more than 
50% of myeloma patient samples (Bharti AC et al., 2004). Pre-clinical studies have shown 
that JAK inhibition can induce apoptosis, inhibit proliferation and block constitutive and  
IL-6 induced activation of STAT3 in several MM cell-based models. Furthermore, JAK 
inhibition also enhanced the anti-tumorgenic effects of bortezomib, a current therapy 
www.intechopen.com
Role of JAK2 Beyond Myeloproliferative Neoplasms (MPNs): Rationale  
for Targeting the JAK-STAT Pathway in Other Hematological Malignancies and Solid Tumors 
 
157 
available for MM, in tumor models of myeloma. In summary, JAK inhibition may not be 
sufficient as a mono-therapy for the treatment of MM but studies that combine JAK 
inhibitors with the current treatments available for MM like bortezomib may prove 
beneficial for MM patients. Of note, the pan-JAK inhibitor, INCB18424, currently being 
tested for the treatment of MPN is also being evaluated in a phase I study for the treatment 
of MM.  
5.3 Implications for abnormal JAK-STAT signaling in solid tumors 
Dysregulated JAK-STAT signaling has also been implicated in the pathogenesis of solid 
tumors primarily due to elevated levels of constitutively activated STATs. Among the 
STATs, STAT3 and STAT5 are the most studied and well characterized regarding their 
oncogenic potential. Activated STATs possess multiple oncogenic traits which promote 
tumorgenesis including tumor cell proliferation, induction of anti-apoptotic and immune 
cell responses. A defined role has been established for STAT5 in driving some hematological 
malignancies, including some MPNs where STAT5 expression leads to a MPN-like 
phenotype, while STAT3 appears to be more involved in solid tumor progression (Germain, 
2007). In solid tumors, increased STAT activation is thought to be due to sustained cytokine 
stimulation via autocrine/paracrine signaling loops rather than increased activity in 
upstream activators of STATs such as JAKs. Elevated levels of activated STAT3 are observed 
in multiple solid tumors including breast, prostate, colon, pancreatic, head and neck and 
ovarian cancers (Song et al, 2006 & Frank., 2003) Recently, an extensive profiling study was 
done that identified a subset of solid tumor cell lines that expressed high levels of 
constitutive and IL-6 inducible activated STAT3 and when these cells were treated with 
specific JAK inhibitors both constitutive and inducible STAT3 activation was suppressed 
(Hedvat et al., 2009). In a panel of pancreatic cell lines, elevated activated STAT3 levels were 
found to correlate with gp130 expression, an IL-6 receptor, reinforcing the idea that STAT 
activation in solid tumors is related to sustained cytokine stimulation (Corcoran et al., 2011)  
6. Conclusion 
Emerging clinical data on a variety of JAK2 inhibitors support a role of these agents in the 
symptomatic relief of MPN patients. However, there are still unresolved issues associated 
with these inhibitors including the inability of most inhibitors to reduce the amount of 
mutant allele burden. The numerous mechanisms that blood-derived cancer cells have 
acquired to preferentially activate JAK-STAT signaling (point mutations, translocations & 
chromosomal gains) demonstrates the importance of this pathway in promoting 
hematological malignancies. The use of JAK inhibitors for the treatment of other non-MPN 
hematological cancers such as lymphomas and multiple myelomas are intriguing but 
require additional pre-clinical studies to determine which JAKs underlie these findings. In 
this regard, lymphomas with a high frequency of the 9p24 gain (30%) coupled with the 
recent identification of the novel JAK2-SEC31-A fusion protein implicates a preference for 
these cells to also activate JAK-STAT signaling. In multiple myeloma, a reliance of these cells 
on IL-6 for their survival and growth suggests that these patients could benefit from JAK 
inhibition therapies. For the role of JAK2-STAT signaling in solid tumors, it remains unclear 
of the potential of pathway inhibition but is likely to require rational combination strategies 
with other agents in clinical development to unmask the full therapeutic potential of JAK 
inhibitors.  
www.intechopen.com
 
Myeloid Leukemia – Basic Mechanisms of Leukemogenesis 
 
158 
7. Conflict of Interest 
Matthew Lorenzi & Theresa McDevitt are employees of Bristol-Myers Squibb. 
8. References 
Aaronson, D & Horvath C. (2002). A road map for those who don’t know JAK-STAT. 
Science. 296: 1653-1655. 
Adams, H., Obermann, E.C., Dirnhofer, S et al. (2011) Targetable molecular pathways in 
classical Hodgkin’s lymphoma. Expert Opinion Investigative Drugs. 20(2):141-151. 
Anderson, K & Lust, J. (1999). Role of cytokines in multiple myeloma. Seminars in 
Hematology. 36(1Supp3): 14-20. 
Ania B., Suman V., & Sobell, J. (1994). Trends in the incidence of polycythemia vera among 
Olmsted county Minnesota residents, 1935-1989. American Journal of Hematology. 
47:89-93.  
Apostolidou, E., Kantarjian, H.M. & Verstovsek. (2009). JAK 2 Inhibtors: A Reality? A 
Hope?. Clinical Lymphoma, Myeloma & Leukemia Supplement (9):3 S340-S345. 
Baus, D., Nonnenmacher, F & Jankowski, S et al. (2009). STAT6 and STAT1 are essential 
antagonistic regulators of cell survival in classic Hodgkin lymphoma cell line. 
Leukemia. (23): 1885-1893. 
Baxter E, J., Scott, L., & Campbell P. (2005). Acquired mutation of the tyrosine kinase JAK2 
in human myeloproliferative disorders. Lancet. 365: 1054-1061. 
Benekli, M., Baer M., Baumann H et al. (2003). Signal transducer and activator of 
transcription proteins in leukemias. Blood, 101(8), 2940-2954. 
Beer, P., Delhommeau, F & LeCouedic et al. (2010) tow routes of leukemic transformation 
after a JAK2 mutation-positive myeloproliferative neoplasm.  
Blood. 115(14): 2891-2900. 
Benekli M., Baumann, H & Wetzler M. (2009). Targeting signal transducer and activator of 
transcription signaling pathway in leukemias. Journal of Clinical Oncology. (27): 
4422-4432.  
Bharti, A., Shishodia, S & Reuben J, et al. (2004). Nuclear factor-kappa B and Stat3 are 
constitutively active in CD138+ cells derived from multiple myeloma patients, and 
suppression of these factors leads to apoptosis. Blood. 103(8):3175-3184. 
Bommert, K., Bargou R & Stuhmer, T. ( 2006). Signaling and survival pathways in myeloma. 
Eur J. Cancer. 42:1574-1580. 
Bousquet, M., Broccardo, C & Quelen C et al. (2007) A novel PAX5-ELN fusion protein 
identified in B-cell acute lymphoblastic leukemia acts as a dominant negative on 
wild-type PAX5. Blood. 109(8):3417-3423.  
Chaligne R, Tonetti C & Besancenot R et al (2008). New mutations of MPL in primitive 
myelofibrosis; only MPLW515L mutations promote a G1/S phase transition. 
Leukemia. 22: 1557-1566. 
Corcoran, R., Contino, G & Deshpande et al. (2011). STAT3 plays a critical role in KRAS-
induced pancreatic tumorgenesis. Cancer Research. 71(14): 5020-5029. 
Darnell, JE. (1997). STATs and gene regulation. Science, 277: 1630-1635. 
Druker, B., Tamura, S & Buchdunger et al. (1996). Effects of a selective inhibitor of the Abl 
tyrosine kinase on the growth of Bcr-Abl positive cells. Nature Medicine. 2:561-566. 
www.intechopen.com
Role of JAK2 Beyond Myeloproliferative Neoplasms (MPNs): Rationale  
for Targeting the JAK-STAT Pathway in Other Hematological Malignancies and Solid Tumors 
 
159 
Frank, DA. (2003) STAT signaling in cancer: insights into pathogenesis and treatment 
strategies. Cancer Treatment Research. 115: 267-291. 
Gangat N., Strand J & Li, C et al. (2007) Leucocytosis in polycythaemia predicts both inferior 
survival and leukaemic transformation. Br. J Haematol. 138(3):354-358. 
Gangat, N., Wolanskyj, A & McClure R eta l. (2007). Risk stratification for survival and 
leukemic transformation in essential thrombocythemia: a single institutional study 
of 605 patients. Leukemia. 21(2):270-275. 
Germain, D & Frank, D. (2007) Targeting the cytoplasmic and nuclear functions of STAT3. 
Clinical Cancer Research. 13:(19) 5665-5669. 
Green, M., Monti, S & Rodig, S. et al. (2010). Integrative analysis reveals selective 9p24.1 
amplification, increased PD-1 ligand expression, and further induction via JAK2 in 
nodular sclerosing Hodgkin lymphoma and primary mediastinal large B-cell 
lymphoma. Blood. (116) 17: 3268-3277. 
Griesinger, F., Henning, H & Hillmer, F et al. (2005) A BCR-JAK2 fusion gene as the result of 
a t(9;22)(p24;q11.2) translocation in a patient with a clinically typical chronic 
myeloid leukemia. Genes Chromosomes Cancer 44(3):329-333.  
Hedvat,. M., Huszar, D & Herrmann, A. et al. (2009) The JAK2 inhibitor AZD1480 potently 
blocks stat3 signaling and oncogenesis in solid tumors. Cancer Cell(16): 487-497. 
Huang, L., Constantinescu, S & Lodish, H. (2001). The N-terminal domain of Janus Kinase 2 
is required for Golgi processing and cell surface expression of erythropoietin 
receptor. Molecular Cell. 8: 1327-1338. 
James, C., Ugo, V & LeCouedic J et al. (2005). A unique clonal mutation leading to 
constituitive signaling causes polycythemia vera (PV). Nature. 434:(7037) 1144-
1148. 
Joos, S., Kupper, M & Ohl, S, et al. (2000). Genomic imbalances including amplification of 
the tyrosine kinase gene JAK2 in CD30+ Hodgkin cells. Cancer Research. 60(3):549-
552.  
Joos, S, Granzow M, Holtgreve-Grez, H, et al. (2003). Hodgkin’s lymphoma cell lines are 
characterized by frequent aberrations on chromosomes 2p and 9p including REL 
and JAK2. International Journal of Cancer. 103(4):489-495. 
Karaghiosoff, M., Steinborn, R & Kovarik, P. (2003). Central role for type I interferons and 
Tyk2 in lipopolysaccharide-induced endotoxin shock. Nature Immunnology. 4: 
471-477. 
Kota J., Caceres N. & Constantinescu S. (2008). Aberrant signal transduction pathways in 
myleoproliferative neoplasm. Leukemia. 22: 1828-1840. 
Kralovics, R., Guan, Y., & Prchal, J et al. (2002). Acquired uniparental disomy of 
chromosome 9p is a frequent stem cell defect in polycythemia vera. Experimental 
Haematology. 3:229-236. 
Kralovics, R., Passamonti, F., & Buser A et al. (2005). A gain-of-function mutation of JAK2 in 
myeloproliferative disorders. New England Journal of Medicine. 352(17): 1779-
1790.  
Kube, D., Holtick U & Vockerodt, M et al. (2001). Stat3 is constitutively activated in Hodgkin 
cell lines. Blood. 98(3): 762-770. 
Lacronique, V, Boureux, A, Valle, VD et al (1997) A TEL-JAK2 fusion protein with 
constitutive kinase activity in human leukemia. Science. 278 (5341): 1309-1312. 
www.intechopen.com
 
Myeloid Leukemia – Basic Mechanisms of Leukemogenesis 
 
160 
Levine, R., Wadleigh, M & Cools J et al. (2005). Activating mutation in the tyrosine kinase 
JAK2 in polycythemia vera, essential thrombocythemia and myeloid metaplasia 
with myelofibrosis. Cancer Cell. 7(4): 387-397. 
Levy, D & Darnell J. (2002). Stats: transcriptional control and biological control. Nature 
Reviews of Molecular & Cell Biology. 3: 651-662. 
Li W. (2008). Canonical and non-canonical JAK-STAT signaling. Trends in Cell Biology. 
18(11) 545-551. 
Lopez A.., Hercus T & Ekert P. et al. (2010) Molecular Basis of Cytokine Receptor Activation. 
IUBMB Life 62(7): 509-518. 
Lucia. E., Recchia, A & Gentile, M. et al. (2011). Janus kinase 2 inhibitors in 
myeloproliferative disorders. Expert Opinion Investigative Drugs. (20):1. 
Meier C., Hoellar S & Bourgau C, et al. (2009). Recurrent numerical aberrations of JAK2 and 
deregulation of JAK-STAT cascade in lymphomas. Modern Pathology. 22(3):476-
487.  
Mesa, r., Silverstein, M & Jacobse, S. et al. (1999). Population-based incidence and survival 
figures in essential thrombocytothemia and agnogenic myeloid metaplasia: an 
Olmstead County Study 1976-1995. American Journal of Hematology. 61(1): 10-15.  
Mesa., R. (2010). New Drugs for the Treatment of Myelofibrosis. (2010). Current 
Hematologic Malignancy Reports. 5(1):15-21. 
Mottok, A., Renne, C., Willenbrock K. et al. (2007). Somatic hypermutation of SOCS1 in 
lymphocyte-predominant Hodgkin lymphoma is accompanied by high JAK2 
expression and activation of STAT6. Blood. 110 (9) :3387-3390. 
Mullighan, C, Morin, R & Zhang J et al. Next Generation Transcriptomic Resequencing 
Identifies Novel Genetic Alterations in High Risk (HR) Childhood Acute 
Lymphoblastic Leukemia (ALL): A Report from the Children’s Oncology Group 
(COG) HR ALL Target Project (Abstract 704). Blood (ASH Annual Meeting 
Abstracts) 23(1): 293-294. 
Murray PJ. (2007). The JAK-STAT signaling pathway: input and output integration. The 
Journal of Immunology 178: 2623-2629. 
Navarro A, Diaz T & Martinez A et al. (2009). Regulation of JAK2 by miR-135a: prognostic 
impact in classic Hodgkin lymphoma. Blood. 114(14):2945-2951. 
Nebral, K, Denk, D & Attarbaschi A et al. (2009) Incidence and diversity of PAX5 fusion 
genes in childhood acute lymphoblastic leukemia. Leukemia. 23(1):134-143. 
Nelson, M & Steennsma D. (2006) JAK2 V617F in myeloid disorders: What do we know 
now, and where are we headed? Leukemia & Lymphoma. 47:177-194. 
Niesvizky, R., Siegel R., Busquets, X. et al (1995). Hypercalcaemia and increased serum IL-6 
levels induced by all-trans retinoic acid in patients with multiple myeloma . British 
Journal Haematology. 89(1):217-218.  
Nosaka, T., van Deursen, J & Tripp, R et al. (1995). Defective lymphoid signaling inmice 
lacking JAK3. Science. 270, 800-802. 
O’Brien, S., Guilhot, F & Larson R etal. (2003). Imatinib compared with interferon and low 
dose cytarabine for newly diagnosed chronic phase chronic myeloid leukemia. N. 
ENG. J Med. 348: 994-1004. 
O’Shea J, Gadina, M. & Schreiber R. (2002). Cytokine Signaling in 2002: new surprises in the 
Jak/STAT pathway. Cell. 109: S121-131 
www.intechopen.com
Role of JAK2 Beyond Myeloproliferative Neoplasms (MPNs): Rationale  
for Targeting the JAK-STAT Pathway in Other Hematological Malignancies and Solid Tumors 
 
161 
Paradanani, D., Gotlib, J & Jamieson C et al. (2009). A phase I evaluation of TG101348, a 
selective JAK2 inhibitor, in MF: clinical response is accompanied by significant 
reduction in JAK2V617F allele burden. Blood (Abstract-ASH conference) 114:755. 
Pardanani A. (2008) JAK 2 inhibitor therapy in myeloproliferative disorders: rationale, 
preclinical studies and ongoing clinical trials. Leukemia. (22): 23-30. 
Pardanani. A, Guglielmelli P, Lasho TL. (2011). Primary myelofibrosis with or without 
mutant MPL: comparison of survival and clinical features involving 603 patients. 
Leukemia 1-6. 
Parganas, E., Wang, D & Stravopodis D et al. (1998). Jak2 is essential for signaling through a 
variety of cytokine receptors. Cell. 93(3):385-393. 
Park, C., Li, S & Schindler C. (2000). Immune response in STAT2 knock-out mice. Immunity. 
13(6): 795-804. 
Passamonti, F., Rumi, E & Arcaini, L et al. (2005). Leukemic transformation of 
polycytehemia vera: a single center study of 23 patients. Cancer. 104(5):1032-1036. 
Passamonti, F., Rumi, E & Caramella, M et al (2008). A dynamic prognostic marker to 
predict survival in post-cytothemia vera myelofibrosis. Blood. 111(7):3383-3387. 
Patnaik, M & Tefferi A. (2009). Molecular diagnosis of myeloproliferative neoplasms. Expert 
Review of Molecular Diagnostics. 9(5):481-492. 
Peeters, A., Raynaud S., Cools, J et al. (1997) Fusion of TEL, the ETS-variant gene 6 (ETV6), 
to the receptor associated kinase JAK2 as a aresult of t(9;12) in a luymphoid and 
t(9;15;12) in a myeloid leukemia. Blood. 90(7): 2535-2540. 
Pikman Y., Lee, b & Mercher, T et al. (2006). MPLW515L is a novel somatic activating 
mutation in myelofibrosis with myeloid metaplasia. PLoS Med. 3:1140-1151. 
Poitras, J., Dal Cin P & Aster, J et al. (2008). Novel SSBP2-JAK2 fusion gene resulting from a 
t(5;9)(q14.1;p24.1) in pre-B acute lymphocytic leukemia. Genes Chromosomes 
Cancer, 47(10):884-889. 
Quintas-Cardama, A., Vaddi K & Liu, P et al. (2010). Pre-clinical characterization of a 
selective JAK1/2 inhibitor INCB018424: therapeutic implications for the treatment 
of MPNs. Blood. 115:3109-3117. 
Radtke, S., Haan, S & Jorissen, A et al. (2005). The Jak1 SH2 domain does not fulfill a 
classical SH2 function in Jak/Stat signaling but plays a structural role for receptor 
interaction and up-regulation of receptor surface expression. Journal of Biological 
Chemistry. 280(27):25760-25768. 
Reiter, A., Walz, C & Watmore, A et al. (2005) The t(8;9)(p22;p24) is recurrent abnormality in 
chronic and acute leukemia that fuses PCM1 to JAK2. Cancer Research 65(7): 2662-
2667. 
Rodig, S., Meraz, M & White, J et al. (1998). Disruption of the JAK1 gene demonstrates 
obligatory and non-redundant roles of the JAKs in cytokine-induced biologic 
responses. Cell. 93(3): 373-383. 
Rui, L., Emre, T & Kruhlak M et al. (2010). Cooperative epigenetic modulation by cancer 
amplicon genes. Cancer Cell. 18(6): 590-605. 
Saharinen, P., Takaluoma K & Silvennoinen, O, et al. (2000). Regulation of JAK2 tyrosine 
kinase by its pseudokinase domain. Molecular and Cellular Biology. 20(10): 3387-
3395. 
Santos P.S. & Vertosvek S. (2011). JAK2 inhibitors: What’s the true therapeutic potential? 
Blood Reviews. 25:53-63. 
www.intechopen.com
 
Myeloid Leukemia – Basic Mechanisms of Leukemogenesis 
 
162 
Scott, L., Tong, W & Levine R et al. (2007). JAK2 exon 12 mutations in PV and idiopathic 
erythrocytosis. N Engl. J Med, 356(5): 459-468. 
Skinnider B., Elia, A & Gascoyne L et al. (2002) Signal transducer an activator of 
transcription 6 is frequently in Hodgkin and Reed-Sternberg cells of Hodgkin 
lymphoma. Blood 99(2): 618-626.  
Song, L., Bhattacharya S & Yunus A et al. (2006). Stat1 and SUMO modification. Blood. 
108(10) 3237:3244.  
Valentino, L & Pierre J. (2006). JAK/STAT signal transduction: regulators and implication in 
hematological malignancies. Biochemical Pharmacology. 71(6): 713-721. 
Van Roosbroeck, K., Cox, L & Tousseyn T et al. (2011). JAK2 rearrangements, including the 
novel SEC31-A-JAK2 fusion, are recurrent in classical Hodgkin lymphoma. Blood. 
117(15):4056-4064.  
Verstovsek, S., Kantajian, H & Pardanani, A et al. (2008) Characterization of allele 
JAK2V617F allele burden in advanced myelofibrosis patients: no change in 
V617F:WT JAK2 ratio in patients with high allele burdens despite profound clinical 
improvement following treatment with the JAK inhibitor. Blood (Abstract) 112: 
2802. 
Verstovsek, S., Kantarjian, H & Mesa, R et al. (2010). Safety and Efficacy of INCB018424, a 
JAK1 and JAK2 inhibitor in myelofibrosis. New England Journal of Medicine. 363: 
1117-1127. 
Wadleigh, M & Tefferi A. (2010). Classification and diagnosis of myeloproliferation 
neoplasms according to the 2008 World Health Organization criteria. International 
Journal of Hematology. 91:174-179.  
Ward, A., Touw, I & Yoshimura, A. (2000). The JAK-Stat pathway in normal and perturbed 
hematopoiesis. Blood. 95(1):19-29 
Weniger, M., Melzner, C & Menz S et al. (2006). Mutations of the suppressor gene SOCS-1 in 
classical Hodgkin lymphoma are frequent and associated with nuclear phospho-
STAT5 accumulation. Oncogene. (25):2679-2684. 
Wernig G., Mercher, T & Okabe R et al. (2006). Expression of JAKV617F causes a 
polycytothemia vera–like disease associated with myelofibrosis in a murine bone 
marrow transplant model. Blood. 107(11):4274-4281.  
www.intechopen.com
Myeloid Leukemia - Basic Mechanisms of Leukemogenesis
Edited by Dr Steffen Koschmieder
ISBN 978-953-307-789-5
Hard cover, 484 pages
Publisher InTech
Published online 14, December, 2011
Published in print edition December, 2011
InTech Europe
University Campus STeP Ri 
Slavka Krautzeka 83/A 
51000 Rijeka, Croatia 
Phone: +385 (51) 770 447 
Fax: +385 (51) 686 166
www.intechopen.com
InTech China
Unit 405, Office Block, Hotel Equatorial Shanghai 
No.65, Yan An Road (West), Shanghai, 200040, China 
Phone: +86-21-62489820 
Fax: +86-21-62489821
The current book comprises a series of chapters from experts in the field of myeloid cell biology and myeloid
leukemia pathogenesis. It is meant to provide reviews about current knowledge in the area of basic science of
acute (AML) and chronic myeloid leukemia (CML) as well as original publications covering specific aspects of
these important diseases. Covering the specifics of leukemia biology and pathogenesis by authors from
different parts of the World, including America, Europe, Africa, and Asia, this book provides a colorful view on
research activities in this field around the globe.
How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:
Theresa M. McDevitt and Matthew V. Lorenzi (2011). Role of JAK2 Beyond Myeloproliferative Neoplasms
(MPNs): Rationale for Targeting the JAK-STAT Pathway in Other Hematological Malignancies and Solid
Tumors, Myeloid Leukemia - Basic Mechanisms of Leukemogenesis, Dr Steffen Koschmieder (Ed.), ISBN:
978-953-307-789-5, InTech, Available from: http://www.intechopen.com/books/myeloid-leukemia-basic-
mechanisms-of-leukemogenesis/role-of-jak2-beyond-myeloproliferative-neoplasms-mpns-rationale-for-
targeting-the-jak-stat-pathway-i
© 2011 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Attribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.
